Résumé. - Abstract. -The geometry of individual steps on a crystal facet is fixed by the anisotropic step energy 03B2 (~). On the basis of effective stresses on a step element, we briefly discuss the step shape and its matching angles with the facet edge or with a wall. When the step originates from a single screw dislocation, the facet may be metastable if the dislocation lies off centre. When the number of screw dislocations is large, we show that for a large enough supersaturation F the trapped steps behave as if they were free (through successive rearrangements). For long nearly aligned steps, this threshold F is much lower than the usual Frank-Read threshold for neighbouring ± dislocations. We illustrate this « collective behaviour » of Frank-Read sources on a few examples.
HAL Id: jpa-00210454 https://hal.archives-ouvertes.fr/jpa-00210454
Submitted on 1 Jan 1987
HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers.
L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés.
The behaviour of steps on a crystal facet under small supersaturation M. Uwaha (1,*) and P. Nozières (2) (1) Institut Laue-Langevin, 38042 terized by its free energy /3 (per unit length), and its width g. g incorporates both the natural width at T = 0 (sharp for a solid-gas interface, somewhat larger in the solid-liquid case due to blurring of the interface), and the thermal width due to microscopic meandering of the step (typically the size of thermal terraces). We take it as a global parameter, measuring the minimum scale above which the step may be considered as a structure-less stretched string. In the fluctuation limited regime, 13 6 -T. The Let us consider first a terrace enclosed by a step. If the total area of the terrace is given, the shape is determined by the condition that the total step free energy be minimum. This is obviously equivalent to finding the equilibrium shape of a cylindrical crystal and the solution is given by the two-dimensional Wulff construction :
where í3 = 8 + dZP /dcp2 and R is the local radius of curvature (defined only if R &#x3E; )). This equation exgresses the balance of forces acting on the step. In figure 1 we show the « stresses » acting on a step
(1) The possibility of quantum kinks was stressed by Andreev and Parshin [2] , who considered the kink as a.
quantum excitation with a finite band width 2 W : if W exceeds the energy Eo of a kink at rest, kinks appear
spontaneously. An equivalent description is to consider the kink as a soliton in a one dimensional Sine Gordon model: it is well known that quantum fluctuations may wash out the pinning periodic potential [3] : such a transition makes the step « free », and it is equivalent to the spontaneous formation of kinks in the groundstate. element (2) by considering the change in facet area due to addition of one step, and it is a special case of (7) in Ref. [4] ). Equation (4) is then possible only if Equation (6) determines the finite range of permissible contact angles a between the facet and the wall. If it is violated, steps are generated at the wall and the facet shrinks until it no longer touches the wall.
In view of the above boundary condition, a step cannot exist alone on a facet unless it originates somewhere inside -in practice at a screw dislocation exposed on the surface. Let us first assume that this single dislocation lies at the centre of a circular facet, with radius R : for tangential matching, the step is a half circle with radius R/2. The step will be in equilibrium if its radius is the critical radius rc = fl /F (for which supersaturation balances line tension). We thus recover the equilibrium radius of a circular facet, R * = 2 rc.
If this condition is not met, the step rotates around the dislocation, and the facet grows or melts according to the well-known spiral mechanism. Assume now that the dislocation lies a distance D away from the centre. If R is such that the step has two equilibrium positions with radius r, shown in figure 3, one stable (S) and one unstable (U). The facet is thus metastable for a range of forces (the step must overcome a potential barrier in order to make one turn). After one full revolution, the energy has increased by AE = 2 ff R13 -'IT R2 F: full thermodynamic equilibrium corresponds to AE = 0, i.e. 
